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ABSTRACT
An investigation to reduce the noise generated from a scroll compressor has been
conducted. It has been found that discharge gas pulsation is one of the major causes of
scroll compressor noise. In order to reduce this noise, the characteristic s of the pressure
wave of the discharge gas were calculated. The flow of the gas which was compressed
and discharged from the compression elements was then numerically analyzed. A
simulation of the pressure wave of the discharge gas was developed and good agreement
with experimenta l results was found. Reduction of the discharge gas pressure wave was
attained by calculation and verified by experimenta tion.

INTRODUC TION
Discharge gas pulsation has been found to be one of the major causes of scroll
compressor noise.
In order to reduce this noise, it is essential to evaluate the
characteristi cs of the pressure wave of the discharge gas. Reports relating to this
problem include Itoh et al's in reference L However, the phenomenon of the noise
generation was not reported. This paper deals with the method of analysis concerning
the flow of the gas which is compressed and discharged from the compression elements
and the results of the analysis. It also shows the discharge chamber which has been
optimized to reduce the discharge gas' pressure wave. The discharge chamber has been
verified both analytically and experimental ly and has achieved a remarkable n01se
reduction without influencing the performance of the discharge chamber.

METHOD OF ANALYSIS
The code CIPRIS was used to analyze the flow of gas which was compressed and
discharged from the compression elements. CIPRIS uses the CIP method [2l to solve the
fluid equations.
The fluid equations can be written as;
(1)
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where P is the density, u is the velocity, pis the pressure and T is the specific
heat ratio. These equations have been split into two phases. The first is the advection
phase fJ t+(u · 'V')f=O and the second is the non-advectio n phase fJ t=G.
The CIP method is the hyperbolic equation solving method (the advection phase)
proposed in 1985. The wave propagation can be calculated simply using the CIP method.
The time for solving the fluid equations will therefore be very much shorter.
Furthermore the CIP method satisfies the equations of the inclination of the wave shape,
therefore the wave shape is hardly deformed. CIPRIS has been developed to easily solve
the problems which have moving boundaries. Theoretical results calculated using the
CIPRIS or the CIP methods have been reported in [SJ,[4l.

a a
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MODEL
Fig.l shows the compression elements of the scroll compressor. The primary
chamber is surrounded by two symmetrical secondary chambers which are partitioned by
the wraps. Fig.2 shows the model of the pressure variation of the compression chambers.
The gas in the primary and secondary chambers, whose pressure levels are different, mix
quickly when the primary and secondary chambers connect. The pressure of the gas
subsequently discontinuou sly varies.
If the primary chamber's pressure is higher than that of the secondary chamber,
then when the chambers connect, gas from the primary chamber will flow backwards into
the secondary chamber. A pressure wave will subsequently occur in the compression
chambers. The frequency of the pressure wave is amplified and causes the gas to pulsate.
This gas pulsation vibrates the compression elements and noise is radiated from the
surface of the compressor.
Fig.3 shows the analysis model for analyzing the flow of the discharge gas in the
scroll compressor. The scroll compressor analyzed has a nominal output of 3.0kw, a
stroke volume of 60cc/rev and is used in unitary air conditioners. The model size and the
calculating time step are as follows:
·
·
·
·

coordinate system : cylindrical coordinates
grid interval: llx:=::lxl0· 3m, .b.y-lxlQ·3m
grid number : 90x70
calculating time step : .b. t:S:5xl0· 6 sec.

Fig.4 shows the flow chart of the calculation. The compression process is described by
radial movement of the solid walls A and B (wraps). The velocity of the discharge valve
is obtained by using the equation of motion. When the solid wall A moves downwards,
the gas in the primary and secondary chambers are mixed through the tip of the solid wall
A. This occurs at a connecting time of 0.5msec. The initial condition is set in
accordance with the condition, Hp:=::2.03MPa and Lp:=::0.58411Pa.
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ANALYSIS RESULTS
Fig.5 shows the analysis results. These are depicted by contour line maps which
represent the gas pressure distributio n in the compressi on chambers at increment al
connecting times. The line increment s are at 0.05MPa. The gas in the primary chamber
flows backwards into the secondary chambers and thus the primary chamber's pressure
decreases. The gas in the high pressure space then flows backwards into the discharge
port and the discharge valve closes during the connecting time (Fig.5(a)----(d)). \Vhen the
discharge valve is completely closed, a pressure wave around the valve is created by the
force of inertia (Fig.5(e)). A compressio n wave is then propagate d in the high pressure
space and an expansion wave is propagated through the discharge port into the
compressi on chamber (Fig.5(f)---- (h)). The compressio n wave propagate d in the high
pressure space vibrates the upper shell and noise is subsequen tly radiated from the upper
surface of the compressor. The expansion wave propagate d in the compression chamber
vibrates the fixed scroll and the orbiting scroll and noise is radiated from the side surfaces
of the compresso r. Fig.6 shows the flow chart of the noise generation process caused by
the pressure wave. The phenomen on concerning the pressure wave of the discharge gas
has been analyticall y verified.
In order to reduce the noise from the side surfaces of the compressor, the pressure
wave of the discharge gas, propagate d in the discharge port and the compressio n chamber
must be decreased. For this purpose a suitable discharge chamber has been developed.
Fig.7 shows the constructio n of the discharge chamber. The effective diameter of the
standard discharge chamber has been magnified and is subsequen tly larger than the
diameter of the discharge port. The discharge chamber stores the high pressure gas
before the connecting time and then discharges it to the discharge port and to the
compressi on chamber during the connecting time. The pressure variation in the primary
chamber during the connecting time decreases and the pressure wave of the discharge gas
is damped in the discharge chamber. Fig.8 shows the results of the analysis for both the
standard model and the discharge chamber model at the moment the valves are
completely closed. The discharge chamber model effectively damps the expansion wave
which occurs from the discharge valve and is propagate d in the discharge port and the
compressi on chamber.

MEASUREMENT RESULTS
Fig's.9(a) and (b) show the results concerning the measurem ent of the pressure in
the discharge port for the standard model and the discharge chamber model. They show
that by using a discharge chamber, the high frequency gas pulsation can be successful ly
damped and also that the maximum span of the pressure variation at the discharge port
can be decreased by 0.25l\1Pa. The measured point of pressure is marked by "X" as
shown in Fig. I.
Fig.lO shows the analytical results of the pressure variation in the discharge port
for the standard model. Comparing Fig.lO with Fig.9(a), the wave shape from the
analytical results is similar to that of the experimen tal results. The difference between
the maximum spans of the pressure variations is 2%. It therefore can be confirmed, that
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the analytical results show good agreement with the experimenta l results and that the
method of analysis proposed and used is viable.
It was feared that mounting the discharge chamber would lead to an increase in
dead volume and a reduction in performance . This however was not the case and by
analyzing the noise and performance data, an optimum specification for the discharge
chamber was determined and subsequently mounted on the scroll compressor (nominal
output: 3.0kw). Fig.ll shows the results of the measuremen ts comparing the standard
with the optimized discharge chamber model noise levels when Hp=2.03MPa and
Lp=0.584MP a. \Vhen the distance between the microphone and the compressor was 0.5m,
the improvemen t when using the discharge chamber was found to be greatest at a
frequency of greater than 1.2kHz. The overall noise level was however reduced by 6d.BA
The optimized model's performance was found to fall by only 0.1%, which was significantly
less than previously expected.

CONCLUSIONS
1. The flow of gas which is compressed and discharged from the compression elements of

the scroll compressor (nominal output: 3.0kw) was numerically analyzed using the code
CIPRIS. In the results analysis, the discharge gas' pressure wave was simulated and
the calculations were verified experimental ly.
2. A discharge chamber was developed and mounted on the compressor's discharge port.
In order to reduce the discharge gas' pressure wave, the diameter of the discharge
chamber was enlarged to be greater than that of the discharge port. The analytical
results showed that the expansion wave which occurred in the discharge valve and
propagated in the discharge port and the compression chamber was damped by the
discharge chamber.
3. Analytical and experimenta l results confirmed the shape of the pressure wave in the
discharge port. The difference between the maximum spans of the pressure variations
was 2%. As analytical and experimenta l results closely agreed, then the, proposed
method of analysis was deemed practical.
4. It was experimental ly verified that the discharge chamber damped the high frequency
gas pulsation, decreased the maximum span of the pressure variation in the discharge
port by 0.25MPa and thus reduced the overall noise level by 6d.BA It was confirmed
that the compressor performance fell by only 0.1% when the optimum specification of
the discharge chamber was mounted.

REFERENCES
[1] T. Itoh, M. Fujtani, K Takeda, Investigation of Discharge Flow Pulsation in Scroll

Compressors , 1994 Int. Camp. Eng. Con£. at Purdue, 1994
[2] T. Y abe, A Universal Cubic Interpolation Solver for Compressible and Incompressib le
Fluids, Shock Waves (1991) 1: 187-195
[3] T. Yabe, Supercompu ting on Personal Computers, Journal of Plasma El Fusion Res.
Vol. 70, No.6 (1994), 640
[4] T. Yabe, F. Xiano, D. L. Zhang, Sasaki, Y. Abe, N. Kobayashi, and T. Terasawa,: J.
Geomag. Geoelectr. (1994)

608

-:onnecting time

I 1~

wrap
wrap
secondary chamber primary chamber secondary chamber

time

Fig.2 Model of the pressure variation
of the compression chambers

Fig.l Compression elements
of the scroll compressor
discharge pipe

...--::::cz::::z:z:::z:::;=z:2:::z:::z:=;:;J

t: time
<P :starting time when the primary
and secondary chambers connect

solid wall B
(wrap)

Fig.3 Analysis model

Fig.4 Flow chart of the analysis

Intervals of the
lines : 0.05MPa
primary chamber

Time after the start of ' - - - - - - - - - '
(a)O.lmsec
the connecting time

~::::;,._;::=---------'

(b)0.2msec

(f)0.6msec

=--==---- ----'
(c)0.3msec

(g)0.7msec

(d)0.4msec

(h)0.8msec

Fig.5 Pressure distribution (from results analysis)
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Fig.9 Pressure variation in the discharge port (measurement results)
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